The optics for the 350 m long proton beam transport system from PETRA to HERA is presented. The special geometry of the beam line, involving both horizontal and vertical deflections, leads to a coupling of horizontal and vertical emittances. A simple compensation scheme using skew quadrupoles is proposed.
The requirements for the magnets with respect to apertures, tolerances and flexibility (for matching various optics of PETRA and HERA) are discussed. An estimate for the emittance growth due to focussing errors in the beam line is given.
General Layout and Geometry
The injection and acceleration system for the e-p storage ring HERA ( fig. 1 ) will include several of the existing DESY machines, In particular both electrons (at 14 GeV) and protons (at 40 GeV) will be injected must bend by a total of 1100 on the horizontal plane and has to descend by some 14 m to the level of HERA. Owing to further geometrical constraints, this bend angle must be achieved by means of two arcs of rather small mean radius (R = 89 m). At ep - As a consequence of the relatively strong vertical deflections and the sharp horizontal bends near the beginning and the end of the transfer line the two arcs lie in two different non-parallel planes so that across the whole line the beam coordinate system rotates about the longitudinal axis /3/ by about 60. The consequences of this mismatch for the optics are discussed in the following section.
In the arcs of the transfer line the optics consists of a periodic FODO structure with a 13.5 m long cell (fig. 4) 
Focussinq Errors
Gradient errors in the quadrupoles will cause a perturbation of the optics leading to a mismatch at the end of the transfer line and resulting in a dilution of transvers phase space after injection into HERA. We give here a brief summary of the calculation of the expected emittance growth using a Hamiltonian formalism in action angle variables. The mean growth of emittance is calculated from the perturbed action variable J(s) = J +AJ(s) for a single particle (at the beginning of theobeamline, J(o) = J is equal to the emittance c0 of the particle). Since the B-function appears quadratically in eq. (5), the main contributions to <&> result from the straight section and from the matching sections at the beginning and the end of the transfer line. With relative accuracy of the quadrupole strengths of 10 the effective growth of emittance remains well below one percent in both planes. Since this accuracy can be easily attained, we do not expect gradient errors in the transfer line to make a major contribution to a luminosity reduction in HERA.
